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(57) ABSTRACT 

A method in a base station for detecting a HARQ-ACK code 
word comprised in a signal received from a UE is provided. 
The base station knows HARQ-ACK codewords being pos 
sible to detect. The base station receives (401) a signal from 
the UE comprising a modulation symbol. The base station 
estimates (402) a SNR value for the received signal, and 
calculates (403) soft values for the modulation symbol. When 
the SNR value is lower than a predetermined threshold value 
and when the modulation symbol of the received signal com 
prises more than two bits per modulation symbol, the base 
station uses a first mode. The first mode comprises correlating 
(405) only the two first calculated soft values for the modu 
lation symbol with the one or more known possible HARQ 
ACK codewords. In other cases, i.e. when the first mode is not 
used, the base station uses a second mode. The second mode 
comprises correlating (408) all calculated soft values for the 
modulation symbol with the known possible HARQ-ACK 
codewords. 

22 Claims, 4 Drawing Sheets 
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401. Receive modulation symbol in a signal from the UE. 

402. Estimate SNR value for the received signal. 

403. Calculate soft values for the modulation symbol. 

404. Select a decision threshold value. 

405. Low SNR, first 
mode. Correlate only the 
two first calculated Soft 
values with possible 
HARC-ACK codewords. 

406. Decide that 
HARO-ACK 
Codeword is detected 
when decision 
variable exceeds 
decision threshold 
value. 

4O7. Decide that DTX is 
detected when decision 
variable equal to or below 
decision threshold value. 

408. Otherwise, second 
mode. Correlate all 
calculated Soft values 
with possible HARQ-ACK 
Codewords. 

409. Decide that 
ARO-ACK 

codeword is detected 
when decision 
variable exceeds 
decision threshold 
value, 

41 O. Decide that DTX is 
detected when decision 
variable equal to or below 
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METHOD AND BASE STATION FOR 
DETECTING A HARQ-ACK CODEWORD 

TECHNICAL FIELD 

The present invention relates to a method and an arrange 
ment in a base station. In particular, it relates to detecting a 
HARO-ACK codeword comprised in a signal received from a 
user equipment. 

BACKGROUND 

In a typical cellular radio system, also referred to as a 
wireless communication system, user equipments, also 
known as mobile terminals and/or wireless terminals com 
municate via a Radio Access Network (RAN) to one or more 
core networks. The user equipments may be mobile stations 
or user equipment units such as mobile telephones also 
known as “cellular telephones, and laptops with wireless 
capability, e.g., mobile termination, which user equipments 
may be, for example, portable, pocket, hand-held, computer 
included, or car-mounted mobile devices which communi 
cate Voice and/or data via a radio access network. 
The radio access network covers a geographical area which 

is divided into cell areas, with each cell area being served by 
a base station, e.g., a Radio Base Station (RBS), which in 
some networks is referred to as “eNB”, “NodeB' or “B node' 
and which in this document is referred to as a base station. A 
cell is a geographical area where radio coverage is provided 
by the radio base station equipmentatabase station site. The 
base station communicates over the air interface operating on 
radio frequencies with the user equipments within range of 
the base station. 

In some versions of the radio access network, several base 
stations are typically connected, e.g. by landlines or micro 
wave, to a Radio Network Controller (RNC). The radio net 
work controller, also sometimes termed a Base Station Con 
troller (BSC), supervises and coordinates various activities of 
the plural base stations connected thereto. The radio network 
controllers are typically connected to one or more core net 
works. 

The Universal Mobile Telecommunications System 
(UMTS) is a third generation mobile communication system, 
which evolved from the Global System for Mobile Commu 
nications (GSM), and is intended to provide improved mobile 
communication services based on Wideband Code Division 
Multiple Access (WCDMA) access technology. UMTS Ter 
restrial Radio Access Network (UTRAN) is essentially a 
radio access network using wideband code division multiple 
access for user equipment units (UEs). The Third Generation 
Partnership Project (3GPP) has undertaken to evolve further 
the UTRAN and GSM based radio access network technolo 
gies. In the end of 2008 the first release, Release 8, of the 
3GPP Long Term Evolution (LTE) standard was finalized and 
Release 9 is currently being specified. Evolved Universal 
Terrestrial Radio Access (E-UTRA) is the air interface that is 
used in the LTE. 

In a packet-based communications system using Auto 
matic Repeat Request (ARQ), received packets are required 
to be acknowledged by the receiver, i.e. a message shall be 
sent from the receiver to the transmitter telling whether the 
packet was received correctly or not. 

In e.g. US2006109810, preamble miss detection in a com 
munication system using ARO processes is depicted. The 
communication system transmits data packets from a sender 
to a receiver using hybrid automatic repeat request processes. 
The sender redundantly encodes each packet, divides the 
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2 
packet into Sub packets, and sends the Sub packets to the 
receiver in a time-interlaced manner. When the receiver 
returns a positive acknowledgement of a Sub packet using an 
acknowledgement channel, the sender terminates transmis 
sion of the Sub packets. The sender interprets the signals on 
the acknowledgement channel using a metric resulting from 
correlation of the signals with positive and negative acknowl 
edgement symbols. The sender interprets low correlation of 
the acknowledgement channel signal with both positive and 
negative acknowledgement symbols as a preamble miss, and 
terminates transmission of the Subpackets. After termination, 
the packet may be rescheduled for transmission. Early termi 
nation of packet transmission after a preamble miss improves 
bandwidth utilization and decreases latency of the packet 
with the missed preamble. 

In the physical layer of E-UTRA a certain type of ARQ 
known as Hybrid ARQ (HARQ) is implemented both in 
uplink and downlink. Uplink (UL) is the portion of a com 
munications link used for the transmission of signals from a 
user equipment to a base station. Downlink (DL) is the por 
tion of a communications link used for the transmission of 
signals from a base station to a user equipment. The acknowl 
edgement message in E-UTRA is denoted HARQ-ACK. In 
the following only HARQ-ACK transmitted in uplink is con 
sidered. 
HARO-ACK may be transmitted by the user equipment in 

response to certain Physical DownlinkShared CHannel (PD 
SCH) transmissions and includes one or several acknowl 
edgements, either positive (ACK) or negative (NACK) in 
response to transport blocks transmitted in the downlink, 
which HARQ-ACK is indicated by a downlink grant. HARQ 
ACK may be transmitted on one of the physical channels 
Physical Uplink Control CHannel (PUCCH) or Physical 
Uplink Shared CHannel (PUSCH). When HARQ-ACK is 
transmitted in a subframe in which the user equipment is 
scheduled for transmission, the HARQ-ACK may be multi 
plexed with data and/or other control information and trans 
mitted on PUSCH to the base station. 

Different modulation schemes and coding may be used for 
transmitting Subframes of data on PUSCH depending on sig 
nal quality and cell usage. Quadrature Phase Shift Keying 
(QPSK) is commonly used, but in good radio conditions 16 
Quadrature Amplitude Modulation (16 QAM) and 64 QAM 
may be used which increases data throughput rates, wherein 
QPSK has 4 constellation points; 16 QAM has 16 constella 
tion points: 64 QAM has 64 constellation points. 

For Frequency Domain Duplex (FDD) and for Time 
Domain Duplex (TDD)ACK/NACK bundling of the HARQ 
ACK information comprises one or two bits. ACK/NACK 
bundling is achieved by acknowledging several transport 
blocks with one acknowledgement perpredefined set of trans 
port blocks. If all the transport blocks in the set are received 
correctly, the acknowledgement is positive (ACK), otherwise 
it is negative (NACK). The encoding of HARQ-ACK trans 
mitted on PUSCH is described in the following. Each positive 
acknowledgement (ACK) is encoded as a binary 1, and each 
negative acknowledgement (NACK) is encoded as a binary 
0. If HARQ-ACK comprises 1-bit of information, i.e., 
oo'), it is first encoded according to Table 1 where Q, is 
the number of bits per symbol, i.e. Q.-2, 4, and 6 for QPSK, 
16 QAM, and 64 QAM, respectively. If HARQ-ACK com 
prises 2-bits of information, i.e., oo' o'), it is first O1 
encoded according to Table 2 where o 4CK) 
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TABLE 1. 

Encoding of 1-bit HARQ-ACK 

Encoded HARQ 
Q. ACK 

2 O'Csy 
4 O'C's yxx) 
6 (O'C' y xxxx) 

TABLE 2 

Encoding of 2-bit HARQ-ACK 

Q, Encoded HARQ-ACK 

2 IO4CK OACK O4CKO1CKOACK O4CK 

The “x” and “y” in Table 1 and 2 are placeholders for 
scrambling the HARQ-ACK bits incorrelation with 3GPP TS 
36.211, in a way that maximizes the Euclidean distance of the 
modulation symbols carrying HARQ-ACK information. In 
particular “X” will be transmitted as 1 after scrambling, i.e. 
the last Q-2 bits mapped on a modulation symbol are all 
1's. As a result the HARQ-ACK is mapped only on the four 

corners of the constellation. The constellation for 16 QAM is 
shown in FIG. 1 where the mapping of the bits for HARQ 
ACK is shown with filled circles. 
The HARQ-ACK information is transmitted in Q bits 

in Q' symbols, where Q Q'Q, and the codeword a? CK, 
j=0,1,..., Q-1 is obtained by concatenation of multiple 
encoded HARQ-ACK. Q is the number of bits and Q is 
the number of symbols. 

The PUSCH transmission with HARQ-ACK differs from 
the PUSCH transmission without HARQ-ACK only in that in 
Some modulation symbols the data or other control informa 
tion is punctured and replaced by HARQ-ACK. 
When the base station anticipates HARQ-ACK on 

PUSCH, the modulation symbols are demultiplexed and the 
HARO-ACK modulation symbols are used by the HARQ 
ACK detector. However, it might be that the user equipment 
transmits data and/or other control information on PUSCH in 
response to an uplink grant, but that the UE has not received 
the downlink grant for receiving a transmission from the base 
station. As a consequence the UE will not transmit HARQ 
ACK but data or other control information in the modulation 
symbols intended for HARQ-ACK. To send nothing at all, 
data or other control information, in the modulation symbols 
intended for HARQ-ACK behaviour, is denoted DTX. 

If the base station detects ACK instead of Discontinuous 
Transmission (DTX), so called ACK false detection, the base 
station will erroneously consider the corresponding downlink 
transport block as correctly received. Since the transport 
block has not been correctly received by the UE correspond 
ing data will not be passed to the Medium Access Control 
(MAC) layer and from the MAC layer to the Radio Link 
Control (RLC) layer. Data will hence be missing in the RLC 
layer. This will cause ARQ retransmissions in the RLC layer 
which introduce delay and possibly large retransmissions and 
hence is undesirable. Also, if a NACK is detected erroneous 
that in reality is DTX, the base station will retransmit the 
packet in Such a way that the user equipment will not be 
capable to decode it. It is thus a problem for the HARQ-ACK 
detector for PUSCH in the eNodeB, if it can not distinguish 
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4 
between data and HARQ-ACK and decode the correct 
HARO-ACK message if present. 

SUMMARY 

It is therefore an object of the invention to provide a mecha 
nism in a base station for an improved way of detecting an 
HARO-ACK codeword comprised in a signal received from a 
user equipment. 

According to a first aspect of the invention, the object is 
achieved by a method in a base station for detecting a HARQ 
ACK codeword comprised in a signal received from a user 
equipment. The user equipment is arranged to communicate 
with the base station over a radio channel. The base station 
has knowledge of one or more HARQ-ACK codewords that 
are possible to detect in the received signal. The base station 
receives a signal from the user equipment over the radio 
channel. The signal comprises a modulation symbol. The 
base station estimates a SNR value for the received signal, 
which SNR value will be used to decide whether a first mode 
or a second mode shall be used for detecting a HARQ-ACK 
codeword in the received signal. The base station calculates 
soft values for the modulation symbol in the received signal. 
When the estimated SNR value is lower than or equal to a 
predetermined threshold value and when the modulation 
symbol of the received signal comprises more than two bits 
per modulation symbol, the base station uses the first mode 
for detecting a HARQ-ACK codeword in the received signal. 
The first mode comprises that the base station correlates only 
the two first soft values that was calculated for the modulation 
symbol in the received signal, with the one or more known 
possible HARQ-ACK codewords. In other cases, i.e. when 
the first mode is not used, the base station 110 uses the second 
mode for detecting a HARQ-ACK codeword in the received 
signal. The second mode comprises that the base station cor 
relates all calculated soft values for the modulation symbol in 
the received signal with the one or more known possible 
HARO-ACK codewords. 

According to a second aspect of the invention, the object is 
achieved by a base station for detecting a HARQ-ACK code 
word comprised in a signal received from a user equipment. 
The user equipment is arranged to communicate with the base 
station over a radio channel. The base station has knowledge 
of one or more HARQ-ACK codewords that are possible to 
detect in the received signal. The base station further com 
prises a receiver configured to receive a signal comprising a 
modulation symbol from the user equipment over the radio 
channel. The base station further comprises an estimating 
circuit configured to estimate an SNR value for the received 
signal which SNR value will be used to decide whether a first 
mode or a second mode shall be used for detecting a HARQ 
ACK codeword in the received signal. The base station fur 
ther comprises a calculating circuit configured to calculate 
soft values for the modulation symbol in the received signal. 
The base station comprises a first mode detector configured to 
be used in the first mode for detecting a HARQ-ACK code 
word in the received signal. The first mode is used when the 
estimated SNR value is lower than or equal to a predeter 
mined threshold value and when the modulation symbol of 
the received signal comprises more than two bits per modu 
lation symbol. The first mode detector is configured to corre 
late only the two first calculated soft values for the modula 
tion symbol in the received signal with the one or more known 
possible HARQ-ACK codewords. The base station further 
comprises a second mode detector configured to be used in 
the second mode for detecting a HARQ-ACK codeword in the 
received signal. The second mode is used in other cases. The 
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second mode detector is configured to correlate all calculated 
soft values for the modulation symbol in the received signal 
with the one or more known possible HARQ-ACK code 
words. 

Since the base station comprises two modes for correlation, 
whereof one for the specific case of low SNR, correlating only 
the two first soft values that is calculated for the modulation 
symbol in the received signal, with the one or more known 
possible HARQ-ACK codewords, the bias towards low SNR 
is mitigated, which bias may have resulted in detecting erro 
neous HARQ-ACK codewords. This solution therefore pro 
vides an improved way of detecting an HARQ-ACK code 
word comprised in a signal received from a user equipment in 
a base station. 
An advantage with the present solution is that HARQ-ACK 

detection is performed reliably for both low SNR using the 
first mode, and for high SNR using the second mode, for both 
QPSK and higher order modulation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention is described in more detail with reference to 
attached drawings illustrating exemplary embodiments of the 
invention and in which: 

FIG. 1 is a schematic block diagram illustrating a constel 
lation for 16 QAM according to prior art. 

FIG. 2 is a schematic block diagram illustrating embodi 
ments of a wireless communication network. 

FIG. 3 is a schematic block diagram illustrating symbol 
mapping for the third bit in 16 QAM. 

FIG. 4 is a flowchart depicting embodiments of a method. 
FIG. 5 is a schematic block diagram illustrating embodi 

ments of a base station. 

DETAILED DESCRIPTION 

FIG. 2 depicts a wireless communications system 100 in 
which the present solution may be implemented. The wireless 
communications system 100 may bean LTE communications 
system, or any other wireless communications system using. 
The wireless communications system 100 comprises a 

base station 110 serving a cell 115. The base station 110 is a 
radio base station such as an eNB, a Radio Base Station 
(RBS) or any other network unit capable to communicate 
over a radio carrier with user equipments being present in the 
cell 115. 
A user equipment 120 being present within the cell 115, is 

served by the base station 110, and is therefore capable of 
communicating with the base station 110 using a radio chan 
nel 125 over an air interface between the base station 110 and 
the user equipment 120. The user equipment 120 may be a 
terminal, e.g. a mobile terminal or a wireless terminal, a 
mobile phone, a computer Such as e.g. a laptop, a Personal 
Digital Assistants (PDA), or any other radio network unit 
capable to communicate with a base station over an air inter 
face. The air interface may e.g. be an E-UTRA air interface 
used in LTE. 

The wireless communications system 100 is a packet 
based communications system in which the base station 110 
and the user equipment 120 use HARQ over the air interface. 
As part of the invention a problem will first be identified 

and discussed. 
Soft Values 
For decoding received bits, the base station 110 may map 

received modulated symbols onto bits for further processing 
in a decoder. To improve the decoder performance soft values 
for the bits are used. Soft values may be calculated in a soft 
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6 
demapper of the base station 110 from the received signal. 
The soft value for bit b, s(b), is typically defined to be the 
log-likelihood ratio, which is positive if it is more likely that 
b=0 than that b=1 and negative otherwise. The higher reli 
ability of the bit, the higher is the absolute value of the soft 
value. 

For QPSK the soft values are given by 

S2, X, 

(1) 

where X, and y, are scaled versions of the real and imagi 
nary parts of the received complex symbol n. For higher-order 
modulation such as e.g. 16 QAM, and 64 QAM, the expres 
sions for the soft values become more complicated and dif 
ferent approximations may be used. However, in general the 
symbol mapping in E-UTRA is such that for all bits except the 
two first bits, the decision regions are larger for the bit being 
1 than for the bit being 0, see FIG. 3 for an example for the 
third bit in 16 QAM. At low Signal to Noise Ratio (SNR), the 
received symbols will spread in a region that is larger than the 
constellation and as a consequence the Soft values will be 
biased towards negative values at low SNR, i.e. 1's will be 
more probable than O’s because of the larger decision regions 
for 1. 
A measure of the probability of a codeword of N bits may 

be obtained by mapping the bits according to 0-> 1 and 1->-1. 
Let q denote the vector comprising the N bits in the codeword 
after the mapping. The Soft values may also be arranged in a 
vectors and the correlation between q and s is defined by the 
scalar product qs. Then, the higher the correlation is, the 
higher is the probability that the codeword qwas transmitted. 
In particular the most probable of all codewords has the 
highest correlation with the soft values. 

In case of DTX, data, other control information or nothing 
at all will be transmitted instead of a HARQ-ACK codeword 
and the correlation with HARQ-ACK codewords will in most 
cases below. 
A straightforward solution for the HARQ-ACK detector is 

to correlate the soft values with all possible HARQ-ACK 
codewords and detect the codeword with the highest correla 
tion unless the correlation is lower than a predetermined 
threshold, in which case DTX is detected. To handle the bias 
at low SNR for all soft values except for the two first soft 
values for every modulation symbol the base station 110 
according to the present Solution comprises two modes, one 
mode for low SNR and one mode for high SNR. First, the 
SNR is estimated in some way. The first mode is then used for 
low SNR, implying that the detector only correlates the two 
first soft values per modulation symbol with the correspond 
ing elements of the HARQ-ACK codewords. The second 
mode is used for high SNR, implying that the detector corre 
lates all soft values for HARQ-ACK with the HARQ-ACK 
codewords. 
The present Solution relating to a method in the base station 

110 for detecting a HARQ-ACK codeword comprised in a 
signal received from a user equipment 120, according to some 
embodiments will now be described with reference to the 
flowchart depicted in FIG. 4. As mentioned above, the user 
equipment 120 is arranged to communicate with the base 
station 110 over a radio channel 125. 
The base station 110 operates in two modes, a first mode 

and a second mode. E.g. it may be a HARQ-ACK detector 
within the base station 110 that comprises the two modes and 
performs the detection, which may be referred to as a first 
mode detector and a second mode detector which will further 

S21 y, 
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described below. The first mode is intended for low SNR, and 
the second mode is intended for high SNR. 
By way of introduction, the base station 110 has transmit 

ted a packet to the user equipment 120. The base station 110 
is waiting for a message from the receiving user equipment 
120 telling whether the packet was received correctly or not. 
The base station 110 has knowledge of one or more HARQ 
ACK codewords that is possible to detect in the received 
signal. Each of these one or more known HARQ-ACK code 
words may relate to acknowledgement or negative acknowl 
edgement of a respective transmitted packet. Each codeword 
may either relate to a single ACK/NACK bit or to a combi 
nation of two ACK/NACK bits. The method comprises the 
following steps which steps may be taken in any Suitable 
order. 

Step 401 
The base station 110 receives a signal from the user equip 

ment 120 over the radio channel 125. The signal comprises a 
modulation symbol. Note that one or more than one modula 
tion symbol may be comprised in the signal. The modulation 
symbol transmitted by the user equipment 120, may comprise 
a HARQ-ACK codeword such as an acknowledgement or a 
negative acknowledgement confirming whether the packet 
transmitted by the base station 110 has been correctly 
received or not. The modulation symbol may alternatively 
comprise user data, other control information or nothing at all 
i.e. so called DTX, instead of a HARQ-ACK codeword. 

Step 402 
As a basis for deciding which mode to use, the base station 

110 further estimates an SNR value for the received signal, 
which SNR value will be used to decide whether a first mode 
or a second mode shall be used for detecting a HARQ-ACK 
codeword in the received signal. The SNR may be estimated 
in a number of ways, either from an explicit SNR estimator or 
from the magnitude of the calculated soft values. High abso 
lute values of the soft values correspond to high SNR. Other 
alternatives are for example to estimate the SNR from the 
selected modulation and coding scheme of the received sig 
nal, or to estimate the SNR from earlier signal and noise 
measurementS. 

Step 403 
As mentioned in Step 401, the received signal may com 

prise a HARQ-ACK codeword, which HARQ-ACK code 
word the base station 110 will try to detect. For decoding 
received bits, the base station 110 may map received modu 
lated symbols onto bits for further processingine.g. a decoder 
or a detector. To improve the decoder performance, soft val 
ues for the bits are used as mentioned above. In this step, the 
base station 110 calculates a soft values for the modulation 
symbol or symbols in the received signal. This may be per 
formed as described above under “soft values'. The modula 
tion symbol may e.g. be QPSK, 16 QAM, or 64 QAM com 
prising 2, 4, or 6 bits per modulation symbol, respectively. 
This means that the number of soft values for each modula 
tion symbol of QPSK, 16 QAM, or 64 QAM is respective 2. 
4, or 6. 

Step 404 
This step is an optional step. The base station 110 selects a 

decision threshold valuet. T will be used for deciding whether 
a HARQ-ACK codeword is detected in the received signal. 

In some embodiments relating to the first mode, this step 
comprises selecting the decision threshold value T. Such that it 
is proportional to the norm of S so that the ratio Li?t is inde 
pendent of the amplitude of the soft values. The norm of S may 
e.g. bean-norm where p is a positive integer, for example an 
1-norm. Sandu will be described below. 
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8 
In some embodiments relating to the second mode, this 

step comprises selecting the decision threshold value T. Such 
that it is proportional to the norm of s so that the ratio wift is 
independent of the amplitude of the soft values. The norm of 
smay be an 1-norm where p is a positive integer, for example 
an 1-norm. sand, will be described below. 

Step 405 
This step relates to the first mode. When the estimated SNR 

value is lower than a predetermined threshold value and when 
the modulation symbol of the received signal comprises more 
than two bits per modulation symbol such as e.g. 16 QAM or 
64 QAM, the base station 110 uses the first mode for detecting 
a HARQ-ACK codeword in the received signal. The first 
mode comprises that the base station 110 correlates only the 
two first soft values for the modulation symbol in the received 
signal with the one or more known possible HARQ-ACK 
codewords. I.e. if the modulation symbol is of 16 QAM, four 
soft values were calculated and in this case only the two first 
of the four soft values are used for the correlation. This is 
since the bias for all soft values except for the two first soft 
values for every modulation symbol appears at low SNR, i.e. 
when the estimated SNR value is lower than a predetermined 
threshold value. Low SNR is typically SNR lower than a 
threshold value between 5 and 15 dB. The predetermined 
threshold value may therefore for example be selected 
between 5 and 15 dB. 

In some embodiments this step comprises calculating a 
decision variable L, for the first mode, the decision variableu, 
being the correlation of the vector d' and the vector of said 
two first calculated soft values S corresponding to the bits 
where HARQ-ACK should be transmitted in the received 
signal, for every possible transmitted HARQ-ACK codeword 
d'according to 

wherein Q' is the number of symbols, S denotes the vector of 
the soft values s, n=0,1,..., 2O'-1, q, is the nth element of 
the vector d", and where i is the index of the possible trans 
mitted HARQ-ACK codeword. (See definition of d' below.) 

Step 406 
This step is an optional step relating to the first mode. In 

some embodiments the base station 110 decides that the 
HARO-ACK codeword q" is detected in the received signal 
when the decision variable u, for q" exceeds the decision 
threshold valuet. d" is the most probable codeword obtained 
as the codeword with the maximum decision variable L, 
among all decision variables. 

Step 407 
This step is also an optional step relating to the first mode. 

The base station 110 decides that the received signal is con 
sidered to comprise DTX, when the decision variable u, for 
q" is equal to or below the threshold value T. d" is the most 
probable codeword obtained as the codeword with the maxi 
mum decision variable L, among all decision variables. 

Step 408 
This step, relating to the second mode, handles the cases 

when the SNR is high. i.e. when the estimated SNR value 
exceeds the predetermined threshold value, the base station 
110 uses the second mode for detecting a HARQ-ACK code 
word in the received signal. The second mode comprises that 
the base station 110 correlates all calculated soft values for 
the modulation symbol in the received signal with the one or 
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more known possible HARQ-ACK codewords. The predeter 
mined threshold value may be selected between 5 and 15 dB 
SNR, preferably between 7 and 12 dB SNR, such as for 
example 10 dB. 

In some embodiments this step comprises calculating a 
decision variable for the second mode, being the correla 
tion of the codeword q and the vector of soft valuess corre 
sponding to the bits where HARQ-ACK should be transmit 
ted in the received signal, for every possible HARQ-ACK 
codeword q according to 

whereins denotes the vector of the soft values s. n=0, 1 . . . 
Qck-1, Qck is the number of bits, and q denotes the nth 
element of the vectorq and wherei is the index of the possible 
transmitted HARQ-ACK codeword. 

Step 409 
This step is an optional step relating to the second mode. In 

some embodiments the base station 110 decides that a 
HARO-ACK codeword q" is detected in the received signal 
when the decision variable J, for q" exceeds the decision 
threshold value T. d" is the most probable codeword with the 
maximum decision variable W., among all decision variables. 

Step 410 
This step is also an optional step relating to the second 

mode. in some embodiments the base station 110 decides that 
the received signal is considered to comprise DTX, when the 
decision variable for q" is equal to or below the threshold 
valuet.c" is the most probable codeword with the maximum 
decision variable w, among all decision variables. 
The first and second mode will now be described more in 

detail. 

Second Mode 

To better explain, the second mode will be described first. 
For high SNR, all received soft values will be unbiased, and 
the second mode is used. Therefore a decision variable for 
the second mode, being the correlation of the codewordd and 
the vector of soft values s corresponding to the bits where 
HARO-ACK should be transmitted is calculated for every 
possible transmitted HARQ-ACK codeword q according to. 

(2) 2ACK 
A = q. S = 4, Sn 

=0 

wherein Q is the number of bits, and wherei is the index 
of the possible transmitted HARQ-ACK codeword and q is 
the nth bit after mapping 0-> 1 and 1->-1 of the ith HARQ 
ACK codeword. 

A decision threshold valuet is used for deciding whether a 
HARO-ACK codeword is detected in the received signal or 
not, i.e. to distinguish valid HARQ-ACK and DTX. The 
decision threshold valuet may be selected to be proportional 
to the norm of s so that the ratio wift is independent of the 
amplitude of the soft values. Such a norm may be a 1-norm 
where p is a positive integer. The 1-norm v of a vector 
v=(vo. V1, ..., VA) is defined as 
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where IV, is the absolute value of v. One way is to select the 
decision threshold value t so that it is proportional to the 
1-norm of s. 

where is denotes the absolute values of S, 

(3) 

where T is a parameter selected to obtain desired probability 
of ACK false detection. The higher value of T, the lower is 
the probability of ACK false detection, but the higher is the 
probability of ACK missed detection, i.e. the probability that 
ACK is detected as DTX. T. may depend on the modulation 
scheme and on Q'. 
The most probable codeword q" is obtained as the code 

word with the maximum decision variablew among all deci 
sion variables. The decision T, which HARQ-ACK codeword 
or none, i.e. DTX, that is comprised in the received signal may 
then be calculated as: 

if n > t. (4) g” 
T = 

DTX, otherwise 

This means that if v exceeds the decision threshold value 
T, the most probable HARQ-ACK codeword q" is detected in 
the received signal. Otherwise, i.e. if w is equal to or below 
the decision threshold value t, the received signal is consid 
ered to comprise DTX, i.e. the received signal comprises data, 
other control information, or nothing at all. 

First Mode 
The first mode will be used at low SNR, where all received 

soft values but the two first for every modulation symbol will 
be biased and will tend to have the same negative sign as the 
HARO-ACK codewords after mapping on 1 and -1, i.e. by 
mapping the bits according to 0-> 1 and 1->-1. Hence, if the 
thresholdin (3) used in the second mode, would be used in the 
first mode, the probability of a DTX erroneously being 
detected as a valid codeword increases for low SNR. 

Therefore, for low SNR the first mode is used which 
implies that only the two first soft values of every modulation 
symbol are considered. Let d denote the vector, with ele 
ments formed by the two first bits in every modulation symbol 
of the codeword q, and lets denote the vector of the corre 
sponding soft values s', n=0,1,..., 2CR'-1. 

This means that the step wherein the base station 110 
correlates only the two first calculated soft values for the 
modulation symbol in the received signal with the one or 
more known possible HARQ-ACK codewords may be per 
formed as follows: 
The step of correlating may comprise that a decision vari 

able, for the second mode, being the correlation of the vector 
d' and the vector of soft values S corresponding to the bits 
where HARQ-ACK should be transmitted, is calculated using 
the two first soft values only for each modulation symbol 
according to: 
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(5) 

where i is the index of the possible transmitted HARQ 
ACK codeword and q', is the nth bit after mapping 0->1 and 
1->-1 of the ith HARQ-ACK codeword counting only the 
two first bits for each modulation symbol. 

Also in the first mode, a decision threshold valuet may be 
used for deciding whether a HARQ-ACK codeword is 
detected in the received signal or not, i.e. to distinguish valid 
HARQ-ACK and DTX. 
The decision threshold value T may be selected to be pro 

portional to the norm of SSo that the ratio Li?t is independent 
of the amplitude of the soft values. Such a norm may be an 
-norm where p is a positive integer. 
A suitable decision threshold value t may be proportional 

to the 1-norm, also known as the Euclidean norm. 

t = TISI 

(6) 

where T is a parameter selected to obtain desired probability 
of ACK false detection. The higher value of T, the lower is 
the probability of ACK false detection, but the higher is the 
probability of ACK missed detection, i.e. the probability that 
ACK is detected as DTX. T. may depend on the modulation 
scheme and on Q'. 
The most probable codeword q" is obtained as the code 

word with the maximum decision variable L, among all deci 
sion variables. The decision T, which HARQ-ACK codeword 
or none, i.e. DTX, that is comprised in the received signal may 
then be calculated as: 

if pin (7) 

This means that iful, exceeds the decision threshold value 
t, the most probable HARQ-ACK codeword q" is detected in 
the received signal. Otherwise, i.e. when L, is equal to or 
below the decision threshold value t, the received signal is 
considered to comprise DTX, i.e. the received signal com 
prises data, other control information, or nothing at all. 

Using the 1-norm for the decision threshold value is ben 
eficial since to maximize the absolute value of the ratio LL/IS 
the received soft values should not only have the correct sign 
but also be of equal amplitude, which on average is true for the 
HARO-ACK information since it is mapped on modulation 
symbols with equal amplitude of both the real and imaginary 
parts. 

Hence HARQ-ACK information has higher absolute value 
of the ratio between the decision variables and the decision 
threshold value than most instances of data, which increases 
the probability of making a correct detection of DTX. 

To perform the method steps above for detecting a HARQ 
ACK codeword comprised in a signal received from the user 
equipment 120, the base station 110 comprises an arrange 
ment depicted in FIG. 5. As mentioned above, the user equip 
ment 120 is arranged to communicate with the base station 
110 over a radio channel 125. The base station 110 has knowl 
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12 
edge of one or more HARQ-ACK codewords that are possible 
to detect in the received signal. The base station 110 com 
prises the first mode and the second mode. 
The base station 110 comprises a receiver 510 configured 

to receive a signal from the user equipment 120 over the radio 
channel, which signal comprises a modulation symbol. 
The base station 110 further comprises an estimating cir 

cuit 520 configured to estimate an SNR value for the received 
signal, which SNR value will be used to decide whether a first 
mode or a second mode shall be used for detecting a HARQ 
ACK codeword in the received signal. The estimation circuit 
520 may e.g. be a so called SNR estimator. 
The base station 110 further comprises a calculating circuit 

530 configured to calculate soft values for the modulation 
symbol in the received signal. The calculation circuit 530 may 
e.g. be a so called soft demapper. 
The base station 110 further comprises a first mode detec 

tor 540 configured to be used in the first mode for detecting a 
HARO-ACK codeword in the received signal, when the esti 
mated SNR value is lower than or equal to a predetermined 
threshold value and when the modulation symbol of the 
received signal comprises more than two bits per modulation 
symbol. 
The first mode detector 540 is configured to correlate only 

the two first calculated soft values for the modulation symbol 
in the received signal with the one or more known possible 
HARO-ACK codewords. 

In some embodiments the first mode detector 540 is con 
figured to correlate such that the correlation further comprises 
to calculate a decision variable u, for the first mode. The 
decision variable, is the correlation of the vector d' and the 
vector of said two first calculated Soft values S corresponding 
to the bits where HARQ-ACK should be transmitted in the 
received signal This calculation is performed for every pos 
sible transmitted HARQ-ACK codeword d', according to 

wherein Q' is the number of symbols, S denotes the vector of 
the soft values s. n=0,1,..., 2O'-1, q', is the nth element of 
the vector d, and where i is the index of the possible trans 
mitted HARQ-ACK codeword. 

In some embodiments, q" in is the most probable codeword 
obtained as the codeword with the maximum decision vari 
able L, among all decision variables. In these embodiments 
the first mode detector 540 is further configured to decide that 
the HARQ-ACK codeword q" is detected in the received 
signal when the decision variable u, for q"exceeds the deci 
sion threshold value T. In these embodiments the first mode 
detector 540 is also configured to decide that the received 
signal is considered to comprise DTX, when the decision 
variable u, for q" is equal to or below the threshold value t. 
The base station 110 further comprises a second mode 

detector 550 configured to be used in the second mode for 
detecting a HARQ-ACK codeword in the received signal 
otherwise, i.e. in the cases when the first mode is not used. The 
second mode detector 550 is configured to correlate all cal 
culated soft values for the modulation symbol in the received 
signal with the one or more known possible HARQ-ACK 
codewords. 

In some embodiments, the second mode detector 550 is 
configured to correlate such that the correlation further com 
prises to calculate a decision variablew, for the second mode. 
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The decision variable, is the correlation of the vector q and 
the vector of soft values s corresponding to the bits where 
HARO-ACK should be transmitted in the received signal. 
This calculation is performed for every possible transmitted 
HARQ-ACK codeword q, according to 

2ACK 
: S = X is, 

whereins denotes the vector of the soft values s, n=0, 1... 
Qck-1, and Qck is the number of bits, q, denotes the nth 
element of the vector q, and where i is the index of the 
possible transmitted HARQ-ACK codeword. 

In some embodiments q" is the most probable codeword 
with the maximum decision variable w, among all decision 
variables. In these embodiments the second mode detector 
550 further is configured to decide that a HARQ-ACK code 
word q" is detected in the received signal when the decision 
variable for q' exceeds the decision threshold value t. In 
these embodiments the second mode detector 550 is also 
configured to decide that the received signal is considered to 
comprise DTX, when the decision variable for q" is equal 
to or below the decision threshold value T. 

The base station 110 may further comprise a selecting 
circuit 560 configured to select a decision threshold value t. 

In some embodiments the selecting circuit 560 is further 
configured to select the decision threshold value T when the 
first mode is used, such that it is proportional to the norm of S 
so that the ratiou?tis independent of the amplitude of the soft 
values. In these embodiments, the norm of S may be an 1 
norm where p is a positive integer. For example an 1-norm is 
suitable for the first mode as mentioned above. 

In some embodiments the selecting circuit 560, further is 
configured to select the decision threshold value T when the 
second mode is used such that it is proportional to the norm of 
s so that the ratio W?t is independent of the amplitude of the 
soft values. In these embodiments, the norm of s is an 1-norm 
where p is a positive integer. For example an 1-norm is 
suitable for the second mode as mentioned above. 
The present mechanism for detecting a HARQ-ACK code 

word comprised in a signal received from the user equipment 
120 may be implemented through one or more processors, 
such as a processor 570 in the base station 110 depicted in 
FIG. 5, together with computer program code for performing 
the functions of the present solution. The program code men 
tioned above may also be provided as a computer program 
product, for instance in the form of a data carrier carrying 
computer program code for performing the present Solution 
when being loaded into the base station 110. One such carrier 
may be in the form of a CD ROM disc. It is however feasible 
with other data carriers such as a memory stick. The computer 
program code may furthermore be provided as pure program 
code on a server and downloaded to the base station 110. 
When using the word “comprise' or “comprising it shall 

be interpreted as non-limiting, i.e. meaning "consist at least 
Of. 
The present invention is not limited to the above described 

preferred embodiments. Various alternatives, modifications 
and equivalents may be used. Therefore, the above embodi 
ments should not be taken as limiting the scope of the inven 
tion, which is defined by the appended claims. 

The invention claimed is: 
1. A method in a base station for detecting a Hybrid Auto 

matic Repeat Request-ACKnowledgement (HARQ-ACK) 
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14 
codeword comprised in a signal received from a user equip 
ment, which user equipment is arranged to communicate with 
the base station over a radio channel, which base station has 
knowledge of one or more HARQ-ACK codewords that are 
possible to detect in the received signal, the method compris 
ing: 

receiving a signal from the user equipment over the radio 
channel, which signal comprises a modulation symbol, 
estimating a Signal to Noise Ratio (SNR) value for the 
received signal, which SNR value will be used to decide 
whether a first mode or a second mode shall be used for 
detecting the HARQ-ACK codeword in the received 
signal, calculating soft values for the modulation symbol 
in the received signal, when the estimated SNR value is 
lower than or equal to a predetermined threshold value 
and when the modulation symbol of the received signal 
comprises more than two bits per modulation symbol, 
using the first mode for detecting the HARQ-ACK code 
word in the received signal, which first mode comprises 
correlating a subset of the soft values for the modulation 
symbol in the received signal with the one or more 
known possible HARQ-ACK codewords, and 

otherwise, using the second mode for detecting the HARQ 
ACK codeword in the received signal, which second 
mode comprises correlating a set of the soft values for 
the modulation symbol in the received signal with the 
one or more known possible HARQ-ACK codewords. 

2. The method according to claim 1, further comprising 
selecting a decision threshold value T. 

3. The method according to claim 2, wherein correlating in 
the first mode comprises calculating a decision variable, for 
the first mode, the decision variable u, being the correlation of 
a vector ( and a vector of two first calculated soft values S 
corresponding to the bits where HARQ-ACK should be trans 
mitted in the received signal, for every possible transmitted 
HARQ-ACK codeword (, according to 

wherein is the Q is the number of symbols, S denotes a vector 
of the soft valuess', n=0,1,..., 20-1, q' is the nth element 
of the vector d, and where i is the index of the possible 
transmitted HARQ-ACK codeword. 

4. The method according to claim3, whereind" is the most 
probable codeword obtained as the codeword with the maxi 
mum decision variable L, among the decision variables, and 
wherein the first mode further comprises one of: 

deciding that the HARQ-ACK codeword d" is detected in 
the received signal, when the decision variable L, forq" 
exceeds the decision threshold value T, and 

deciding that the received signal is considered to comprise 
Discontinuous Transmission “DTX', when the decision 
variable L, for d" is equal to or below the decision 
threshold value T. 

5. The method according to claim 3, wherein selecting the 
decision threshold valuet in the first mode comprises select 
ing the decision threshold value T such that it is proportional 
to the norm of S so that the ratio u?t is independent of the 
amplitude of the soft values. 

6. The method according to claim 5, wherein the norm of S 
is an 1-norm where p is a positive integer. 

7. The method according to claim 2, wherein correlating in 
the second mode comprises calculating a decision variable W. 
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for the second mode, being the correlation of a vector q and 
a vector of soft values s corresponding to the bits where 
HARO-ACK should be transmitted in the received signal, for 
every possible transmitted HARQ-ACK codewordq, accord 
ing to 

2ACK 
i = S = 4, Sn, 

whereins denotes a vector of the soft values s. n=0, 1 . . . 
Q-1, and Qck is the number of bits, q, denotes the nth 
element of the vector q, and where i is the index of the 
possible transmitted HARQ-ACK codeword. 

8. The method according to claim 7, whereind" is the most 
probable codeword with the maximum decision variable 
among all decision variables, and wherein the second mode 
further comprises one of: 

deciding that a HARQ-ACK codewordq" is detected in the 
received signal when the decision variable for q" 
exceeds the decision threshold value T, and 

deciding that the received signal is considered to comprise 
DTX, when the decision variablew for q" is equal to or 
below the decision threshold value T. 

9. The method according to claim 7, wherein selecting a 
decision threshold value T in the second mode comprises 
selecting the decision threshold valuet such that it is propor 
tional to the norm of s so that the ratio wift is independent of 
the amplitude of the soft values. 

10. The method according to claim 9, wherein the norm of 
s is an 1-norm where p is a positive integer. 

11. The method according to claim 1, wherein the first 
mode comprises correlating only the two first soft values for 
the modulation symbol in the received signal with the one or 
more known possible HARQ-ACK codewords, and the sec 
ond mode comprises correlating all calculated soft values for 
the modulation symbol in the received signal with the one or 
more known possible HARQ-ACK codewords. 

12. A base station for detecting a Hybrid Automatic Repeat 
Request-ACKnowledgement (HARQ-ACK) codeword com 
prised in a signal received from a user equipment, which user 
equipment is arranged to communicate with the base station 
over a radio channel, which base station has knowledge of one 
or more HARQ-ACK codewords that are possible to detect in 
the received signal, the base station comprising: 

a receiver configured to receive a signal from the user 
equipment over the radio channel, which signal com 
prises a modulation symbol, an estimating circuit con 
figured to estimate a Signal to Noise (SNR) value for the 
received signal, which SNR value will be used to decide 
whether a first mode or a second mode shall be used for 
detecting the HARQ-ACK codeword in the received 
signal, a calculating circuit configured to calculate soft 
values for the modulation symbol in the received signal, 
a first mode detector configured to be used in the first 
mode for detecting the HARQ-ACK codeword in the 
received signal, which first mode is used when the esti 
mated SNR value is lower than or equal to a predeter 
mined threshold value and when the modulation symbol 
of the received signal comprises more than two bits per 
modulation symbol, which first mode detector is config 
ured to correlate a subset of the soft values for the modu 
lation symbol in the received signal with the one or more 
known possible HARQ-ACK codewords, and 
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16 
a second mode detector configured to be used in the second 
mode for detecting the HARQ-ACK codeword in the 
received signal, which second mode is used otherwise, 
which second mode detector is configured to correlate a 
set of the calculated soft values for the modulation sym 
bol in the received signal with the one or more known 
possible HARQ-ACK codewords. 

13. The base station according to claim 12, further com 
prising a selecting circuit configured to select a decision 
threshold value T. 

14. The base station according to claim 13, wherein the first 
mode detector is configured to, for every possible transmitted 
HARQ-ACK codeword d', correlate the codeword (with a 
vector of two first calculated soft values S corresponding to 
the bits in the received signal, where the HARQ-ACK code 
word should be transmitted to calculate a decision variable, 
for the first mode, according to 

wherein the decision variable u, is the correlation of a vector 
d'. Q is the number of symbols, S denotes a vector of soft 
values s. n=0,1, . . . , 2O'-1, q', is the nth element of the 
vector d, and where i is the index of the possible transmitted 
HARQ-ACK codeword. 

15. The base station according to claim 14, wherein q" is 
the most probable codeword obtained as the codeword with 
the maximum decision variable L, among all decision Vari 
ables, and wherein the first mode detector (540) further is 
configured to perform one of the following: 

decide that the HARQ-ACK codewordq" is detected in the 
received signal when the decision variable L, for q" 
exceeds the decision threshold value T, and 

decide that the received signal is considered to comprise 
Discontinuous Transmission “DTX', when the decision 
variable L, for d" is equal to or below the decision 
threshold value T. 

16. The base station according to claim 13, wherein the 
selecting circuit, when the first mode is used, is further con 
figured to select the decision threshold valuet such that it is 
proportional to the norm of SSo that the ratio Li?t is indepen 
dent of the amplitude of the soft values. 

17. The base station according to claim 16, wherein the 
norm of S is an 1-norm where p is a positive integer. 

18. The base station according to claim 12, wherein the 
second mode detector is configured to for every possible 
transmitted HARQ-ACK codeword q, correlate the code 
wordd with a vector of soft valuess corresponding to the bits 
in the received signal where HARQ-ACK should be transmit 
ted, to calculate a decision variable w, for the second mode, 
according to 

2ACK 
i = S = 4, Sn 

=0 

whereins denotes a vector of the soft values s. n=0, 1 . . . 
Q-1, and Quck is the number of bits, and q denotes the 
nth element of a vector q, and where i is the index of the 
possible transmitted HARQ-ACK codeword. 

19. The base station according to claim 18, wherein q" is 
the most probable codeword with the maximum decision 
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variable w, among all decision variables, and wherein the 
second mode detector further is configured to perform one of 
the following: 

decide that a HARQ-ACK codeword q" is detected in the 
received signal when the decision variable for q" 
exceeds the decision threshold value T, and 

decide that the received signal is considered to comprise 
DTX, when the decision variablew for q" is equal to or 
below the decision threshold value T. 

20. The base station according to claim 18, wherein the 
selecting circuit, when the second mode is used, is further 
configured to select the decision threshold valuet such that it 
is proportional to the norm of s so that the ratio wift is inde 
pendent of the amplitude of the soft values. 

21. The base station according to claim 20, wherein the 
norm of s is an 1-norm where p is a positive integer. 

22. The base station according to claim 12, wherein the first 
mode detector is configured to correlate only the two first soft 
values for the modulation symbol in the received signal with 
the one or more known possible HARQ-ACK codewords, and 
the second mode detector is configured to correlate all calcu 
lated soft values for the modulation symbol in the received 
signal with the one or more known possible HARQ-ACK 
codewords. 
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